Complication rates in patients using absorbable collagen sponges in third molar extraction sockets: a retrospective study by �젙�쁺�닔 & �젙�쐶�룞
26
the patients’ daily social lives and may be costly and time-
consuming with the necessary additional visits.
Several risk factors associated with complications after 
extraction include age, gender, medication, site of extraction, 
smoking, previous infection, poor oral hygiene, anesthesia, 
and the surgeon’s experience1-6. Previous reports suggest the 
use of additional interventions including local application of 
antimicrobials, antifibrinolytics, and anti-inflammatory medi-
cations to the extraction socket to prevent or minimize post-
operative complications7,8. Type-I collagen sponges are also 
known to be useful in minimizing postoperative complica-
tions due to their effect on new granulation tissue formation, 
blood clot stabilization, and wound protection9. Thus, many 
maxillofacial surgeons have used the bullet-shape collagen 
sponges to obtain favorable results. Although there were sev-
eral reports that collagen sponges can prevent tooth extraction 
complications9,10, the number of these previous reports are 
limited, and more studies are indicated in a larger number of 
patients. Thus, we aimed to evaluate the rate of complications 
after using absorbable type-I collagen sponges following 
third molar extractions, and to discuss the effectiveness of the 
absorbable collagen sponge insertion in minor oral surgery.
I. Introduction
Extraction of third molars is a routine procedure for acute 
or chronic pericoronitis, tumors or cystic lesions, periodontal 
problems, and dental caries. Accurate understanding of the 
third molar status and proper surgical technique is necessary 
to prevent postoperative complications. Despite these efforts, 
immediate postoperative sequelae such as bleeding, pain, 
swelling, and trismus often occur and may result in more 
serious postoperative complications like surgical site infec-
tion (SSI), alveolar osteitis (AO), hematoma, and paresthesia. 
These complications are mostly transient and the incidence 
rates are low, but these complications can inconvenience 
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Objectives: The purpose of this study is to retrospectively evaluate the postoperative complication rates for absorbable type-I collagen sponge (Atelo-
plug; Bioland) use in third molar extraction.
Materials and Methods: From January to August 2013, 2,697 total patients undergoing third molar extraction and type-I collagen sponge applica-
tion in the Department of Oral and Maxillofacial Surgery at Yonsei University Dental Hospital (1,163 patients) and Dong-A University Hospital (1,534 
patients) were evaluated in a retrospective study using their operation and medical records.
Results: A total of 3,869 third molars in 2,697 patients were extracted and the extraction sockets packed with type-I collagen sponges to prevent post-
operative complications. As a result, the overall complication rate was 4.52%, with 3.00% experiencing surgical site infection (SSI), 1.14% showing 
alveolar osteitis, and 0.39% experiencing hematoma. Of the total number of complications, SSI accounted for more than a half at 66.29%.
Conclusion: Compared to previous studies, this study showed a relatively low incidence of complications. The use of type-I collagen sponges is rec-
ommended for the prevention of complications after third molar extraction.
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PASW Statistics version 18.0 software (IBM Co., Armonk, 
NY, USA) was used for statistical analysis, using the Pearson 
chi-square test.
III. Results
A total of 3,869 third molars (514 maxillary third molars 
and 3,355 mandibular third molars) from 2,697 patients were 
extracted, and the extraction sockets were packed with type-
I collagen plugs. Of these patients, 1,458 molars from 1,163 
patients were from Yonsei University Dental Hospital and 
2,411 molars from 1,534 patients were from Dong-A Uni-
versity Hospital. Surgical extraction was performed on 3,393 
cases, while the remaining 476 cases were treated with sim-
ple extraction. The overall complication rate associated with 
collagen plug insertion was 4.52% (175 teeth). Respectively, 
116 subjects (3.00%), 44 subjects (1.14%), and 15 subjects 
(0.39%) developed SSI, AO, and hematoma. Comparing 
the two hospitals, the total complication rates were similar 
at 4.32% (Yonsei University Dental Hospital) and 4.65% 
(Dong-A University Hospital) (P=0.638; P>0.05). However, 
the complication ratios showed marked differences, espe-
cially for SSI and AO (P=0.000; P<0.05). At Yonsei Uni-
versity Dental Hospital, the incidence of SSI and AO were 
1.71% and 2.06%, respectively. In contrast, the complication 
rates at Dong-A University Hospital were 3.77% and 0.58%. 
Notably, the complication rates were significantly different 
according to the extraction method, with surgical extraction 
(5.01%) resulting in a much higher rate than simple extrac-
tion (1.05%) (P=0.000; P<0.05). The extraction site was also 
compared, showing a complication rate of 3.50% for maxil-
lary extractions, and 4.68% for mandibular extractions, which 
were not significantly different (P=0.232; P>0.05).(Table 1) 
When assessing the total number of complications, SSI ac-
II. Materials and Methods
This study followed the Declaration of Helsinki on medical 
protocol and ethics, and was approved by the regional ethical 
review boards of Yonsei University Dental Hospital (IRB No. 
2-2014-0009) and Dong-A University Hospital (IRB No. 14-
144). This retrospective study was designed to evaluate post-
operative complications after using type-I collagen sponges 
(Ateloplug; Bioland, Cheonan, Korea) following third molar 
extractions. The patients who had undergone collagen sponge 
insertion into the extraction socket in the Department of Oral 
and Maxillofacial Surgery from January to August in 2013 
were included in this study, and a total 2,697 patients’ charts 
(1,163 patients from Yonsei University Dental Hospital and 
1,534 from Dong-A University Hospital) were reviewed. 
Extraction was performed under local or general anesthesia, 
and the type-I collagen plugs were placed into the extraction 
sockets before wound closure. Extraction procedures were 
organized by surgical extractions and simple extractions. 
Surgical extractions were performed with a full-thickness 
mucoperiosteal flap reflection and odontomy, ostectomy us-
ing elevators, whereas the simple extractions were performed 
using elevators and forceps without flap elevation. The pa-
tient’s extraction site was assessed when the patient visited 
the clinic for stitches removal or postoperative discomfort. 
The presence and the rate of each complication related to col-
lagen plug application, including SSI, AO, and hematoma, 
was surveyed. SSI was diagnosed when pain at the extraction 
site was accompanied by suppurative exudate1. AO was clini-
cally diagnosed by the development of severe, throbbing pain 
2 to 5 days after the extraction, and the partial or complete 
loss of the blood clot1,3. Surgical complications irrelevant to 
collagen plug insertion, such as paresthesias, sinus perfora-
tion, and mandibular fracture were excluded from this study. 
Table 1. Types and frequencies of inflammatory complications according to variables
Variable SSI AO Hematoma Total P-value
Hospital
 Yonsei University Dental Hospital (n=1,458)
 Dong-A University Hospital (n=2,411)
Extraction type
 Surgical (n=3,393)
 Simple (n=476)
Extraction site
 Maxilla (n=514)
 Mandible (n=3,355)
Total
 
25 (1.71)
91 (3.77)
 
113 (3.33)
3 (0.63)
 
13 (2.53)
103 (3.07)
116 (3.00)
 
30 (2.06)
14 (0.58)
 
44 (1.30)
0 (0)
 
3 (0.58)
41 (1.22)
44 (1.14)
 
8 (0.55)
7 (0.29)
 
13 (0.38)
2 (0.42)
 
2 (0.39)
13 (0.39)
15 (0.39)
 
63 (4.32)
112 (4.65)
 
170 (5.01)
5 (1.05)
 
18 (3.50)
157 (4.68)
175 (4.52)
0.638
 
 
0.000
 
 
0.232
(SSI: surgical site infection, AO: alveolar osteitis)
Values are presented as number (%).
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case of collagen sponge insertion (P=0.000; P<0.05). Hema-
toma formation was rarely mentioned in other studies, but it 
could be associated with common complications, especially 
bleeding and hemorrhage, which ranged from 0.2% to 5.8%3. 
In this study, bleeding was treated as a normal postoperative 
sequelae and not included as a postoperative complication. 
After extraction, the extraction socket fills with blood clot 
and goes through inflammation, epithelialization, fibroplasia, 
and remodeling. The gingival tissue grows into the blood 
clot-filled socket, thus strengthening the fibrin-covered clot 
to be fixed to the alveolus. Fibroplasia into the clot contin-
ues with the cellular elimination of fibrin and blood debris. 
Then, granulation tissue gradually replaces the clot7. Extrac-
tion socket blood clots act as a scaffold for angiogenesis and 
fibroplasia. Therefore, the maintenance of clots during the 
healing period may be one of the most important factors in 
preventing inflammatory complications. With this informa-
tion, various attempts have been made to stabilize the blood 
clot and to accelerate the healing process by way of systemic 
and local administration of medication. Compared to sys-
temic medication, topical application to the extraction socket 
has the advantages of minimizing systemic side effects and 
reaching a greater concentration in a shorter amount of time. 
Local application of antimicrobials, antifibrinolytics, and 
anti-inflammatory medications has been recommended. How-
ever, the insertion of topical substances should be performed 
with follow-up for undesirable local reactions7,8. 
Collagen is one of the most common substances for topical 
application in extraction sockets because it has extensive ef-
fects on hemostasis, biocompatibility, biodegradability, and 
bone conductivity. Type I collagen is a fibrillar collagen, and 
is the main component of the extracellular matrix. It is also a 
natural matrix for osteoblast migration, and has been used for 
both soft tissue healing and hard tissue reconstruction14. In a 
previous study of collagen sponge application to the extrac-
tion socket, the collagen sponge appeared to be replaced by 
natural tissue and matured in the process of its resorption10. 
Ateloplug is an absorbable collagen sponge extracted from pig 
dermis and is composed of 100% type I collagen to minimize 
antigenicity, and is cross-linked by heat treatment for biocom-
patibility. Due to its bullet-shaped matrix, it is easily placed 
in the extraction socket and provides excellent hemostasis by 
physical compression immediately after extraction. Also, it 
accelerates tissue regeneration and enhances natural healing 
by protecting the extraction site from the inflow of food and 
debris. Not only does the collagen sponge preserve the capac-
ity of the blood clot, but it also prevents soft tissue collapse 
counted for more than half, at 66.29%. However, a single 
hospital study at Yonsei University Dental Hospital showed 
that AO accounted for almost half of the complications at a 
rate of 47.62%, while SSI accounted for more than half of the 
complications.(Table 2)
IV. Discussion
The purpose of this retrospective study was to evaluate 
the efficacy of type-I collagen sponge application after third 
molar extraction by assessing the rate of complications, in-
cluding SSI, AO, and hematoma, to explore whether collagen 
sponges prevent these complications. The total complication 
rate was 4.52%, of which, 3.00% were SSI, 1.14% were AO, 
and 0.39% were hematomas.
According to previous studies, the complication rates after 
third molar extraction had been reported in various numbers. 
Reported rates of SSI vary from 0.8% to 4.2%2,3,11 and 0.9% 
to 4.3%1,4,12 in each study. Chiapasco et al.12 reported that 
mandibular extractions result in a higher rate of SSI than 
maxillary extractions, with rates of 1.5% and 0.2%, respec-
tively. In the study of Bui et al.4, the lowest rate of SSI was 
reported at 0.8%, and 94.3% of those patients received post-
operative antibiotics. The incidence of SSI in our study was 
3.00%, which is consistent with previous studies. The AO 
rates reported in previous studies were more widely spread, 
0.3% to 26%3, 1% to 3%4, and 0.5% to 68.4%1,13, and the AO 
rate has been reported up to 30% in cases of impacted man-
dibular third molars4. In our study, the AO rate was relatively 
low, at 1.14%, which may be explained by the effects of the 
collagen sponge. 
Besides, the rates of SSI and AO had variation between two 
hospitals with 1.71% to 3.77% and 0.58% to 2.06%. These 
wide variations may have been due to different diagnostic 
criteria and various conditions, including the patient’s status, 
surgical technique, and surgeon experience. When comparing 
the surgical techniques in this study, the minimally traumatic 
procedure may result in the lowest complications, also in 
Table 2. Complication rates according to hospital (%)
Hospital SSI AO Hematoma
Yonsei Dental Hospital (n=63)
Dong-A University Hospital (n=112)
Total (n=175)
39.68
81.25
66.29
47.62
12.5
25.14
12.70
6.25
8.57
(SSI: surgical site infection, AO: alveolar osteitis)
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into the socket, which lacks the support of alveolar bone9. 
Thus, type-I collagen plugs are indicated for filling extrac-
tion wounds to enhance hemostasis, facilitate granulation tis-
sue formation, and protect the wound surface. Collagen spong-
es also reduce swelling and pain postoperatively. In our study, 
the use of collagen plugs in third molar extractions resulted in 
relatively low complication rates compared to previous stud-
ies on general conditions, although these differences were not 
significant. To manage extraction complications, the risk fac-
tors associated with complications should be assessed prior to 
extraction. Most complications of third molar extraction are 
inflammatory complications, such as SSI and AO, and they 
are thought to be associated with the surgeon’s level of expe-
rience15. However, these risk factors are often not modifiable 
by the surgeons. Thus, the risk factors that cannot be modi-
fied by surgeons, like patient’s sex, age, and third molar im-
paction level, should be fully evaluated, and surgeons should 
take additional preventive measures into account according to 
the severity of the risk factors. In an effort to control compli-
cations after third molar extraction (e.g., perioperative antibi-
otics, modifications of surgical technique), the application of 
absorbable collagen sponges should be considered.
V. Conclusion
To minimize complications after third molar extraction, the 
topical application of type-I collagen sponges in the extrac-
tion sockets could be a useful method due to its effectiveness 
in hemostasis, wound stabilization, and promotion of healing. 
The relatively low incidence of complications in this study 
supports the collagen sponge’s effects. Therefore, in addition 
to the evaluation and control of risk factors associated with 
extraction, application of absorbable collagen sponges may 
also help prevent complications, and better results may be 
expected after third molar extractions.
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